Grapevine rootstocks are able to increase cultivar adaptation to different climates, soil types and a variety of adverse conditions. The main objective of this study was to study the photosynthetic traits and gene expression of candidate genes in drought tolerant rootstock cultivars. Three selected Iranian candidate rootstocks ('Yaquti', 'Askari' and 'Rotabi') as well as Sultana (control) were exposed to moderate (-1 MPa), severe (-1.5 MPa) and very severe (≤1.5 MPa) drought stress, based on predawn soil water potential. Results showed that drought stress and cultivar had significant effect on leaf photosynthesis rate, internal concentration of CO 2 , chlorophyll A content, as well as Rubisco activase gene expression. Drought stress reduced photosynthesis rate, internal concentration of CO 2 and chlorophyll A compared to control. Cultivars showed two distinct behaviors under stress levels. 'Yaquti' and 'Rotabi', as tolerant cultivars, showed higher photosynthesis rate than 'Askari' and 'Sultana', semi tolerant and sensitive respectively. The concentration of CO 2 was more stable in 'Yaquti' and 'Rotabi' under stress levels than in 'Askari' and 'Sultana'. The relative expression of Rubisco activase gene increased rapidly in tolerant cultivars ('Rotabi' and 'Yaquti') after exposition to moderate stress, but these reactions occurred later in semi tolerant and sensitive cultivars ('Askari' and 'Sultana') after severe stress. Increase of Rubisco activase resulted in higher photosynthetic rate under stress conditions and reduced negative effects of low stomatal conductivity. The timing and intensity of the responses to different levels of drought stress could discriminate tolerant cultivars ('Yaquti' and 'Rotabi') from semi tolerant ('Askari') and sensitive ('Sultana') cultivars, especially at gene expression level.
INTRODUCTION
Grapes are among the world's most planted horticultural crops, and a wide range of cultivars are in use (Creasy and Creasy, 2009) .The mountainous area between the Caspian and Black Seas were the earliest domestication regions of Vitis vinifera L. grapes based on archeological evidence in 5000 B.C. (Mc Govern et al., 1995; Mc Govern, 2003) . Iranian grape germplasm is estimated to include about 1000 cultivars (Nejatian, 2006) . Considering the rich V. vinifera L. germplasm of cultivars and genotypes in Iran, it is possible to use them as rootstocks. Grapevine rootstocks are able to increase the adaptability of scion to different climates, soil types and a variety of unfavorable conditions (Shaffer et al., 2004) . There is no evidence of phylloxera in Iran, because of the use of pest free plant materials for new vineyards, which enables us to consider the potential of V. vinifera L. cultivars as rootstocks, taking advantage of their long lasting surviving in stressful climates of our country.
In grapevine, it has been reported for several varieties and different experimental conditions (greenhouse and field; short-and long-term) that photosynthesis is quite resistant to water stress (Chaves et al., 2011) . Under low to moderate water availabilities occurring under deficit irrigation, maintenance of the activity of Calvin cycle enzymes and of the maximum rates of carboxylation (Vc max ) and electron transport (J max ) has generally been observed (Pinheiro and Chaves, 2011) . However, when stress is intensified, a decline in these parameters occurs, more markedly in J max , possibly a result of decreased ATP production. The Reactive oxygen species production under conditions of low CO 2 and excess light are hypothesized to induce oxidative damage to chloroplastic ATPase (Lawlor and Tezara, 2009; Chaves et al., 2011) . Rubisco activase is considered as a key factor of regulation of Rubisco activity (Lawlor and Tezara, 2009 ). The main objective of this research was to study the photosynthetic traits and gene expression for drought tolerant candidate rootstock cultivars.
MATERIALS AND METHODS

Plant Material
In this study, four genotypes from Iranian national grapevine collection in Qazvin province (located at 36°4' N and 49°41' E, at an elevation of 1265 m) were selected from 800 Iranian grapevine local cultivars based on morphological and molecular markers data (Hadadinejad et al., 2012; Ebadi et al., 2012) .
Drought Stress
Three selected Iranian candidate rootstocks (V. vinifera L. 'Yaquti', 'Askari' and 'Rotabi') as well as V. vinifera L. 'Sultana' (control) were submitted to water stress by withholding irrigation until soil water potential reached moderate (-1 MPa), severe (-1.5 MPa) and very severe (≤1.5 MPa) drought stress levels. The experiment was conducted with a factorial complete random design under field condition with plants in 20 L pots filled with 16.6 L of loam clay soil. Soil water potential was evaluated according to a reference curve with soil moisture (MPa of soil pressure to percent of its moisture volume) preliminary established. Then real time soil water potential was estimated from regular soil sampling during the stress treatments. Plant sampling and physiological measurements were conducted when soil water potential reached the targeted values.
Measurements
Photosynthesis rate, internal concentration of CO 2 , was evaluated by IRGA (LCA4 from ADC Company, England), between 11-12 a.m., when light intensity was above 1000 µmol m -2 s -1 . CO 2 content and relative humidity were set to average ambient values. Chlorophyll a, b and total were extracted from mature and health leaves frozen in liquid nitrogen immediately after sampling, based on Arnon (1949) with some modifications and their concentration was evaluated in 663 and 645 nm wavelength for Chlorophyll a and b, respectively by spectrophotometer (Bio mate). Data analysis was performed with SAS 9.1.3 software.
Relative Gene Expression
Total RNA was extracted from leaf samples that had been immediately frozen in liquid nitrogen after sampling at experiment location, according to Heidari et al. (2011) . Leaf sampling occurred in the morning, between 8-10 a.m. cDNA was synthesized by Fermentase Kit and qPCR were performed by Applied Bio Systems Step One 48 well according to the conditions published in Castellarin et al. (2007) . Rubisco activase primers were designed by Primer 3+ as online software. Finally, data analysis was performed by REST 2009V2.0.13 for target gene, and EF1 alpha and UbiCF were used as reference genes.
RESULTS AND DISCUSSION
Results showed that drought stress and cultivar had significant effects on photosynthetic rate, internal concentration of CO 2 , chlorophyll A concentration, as well as in the expression of Rubisco activase gene. Drought stress reduced photosynthesis rate, internal concentration of CO 2 and chlorophyll a concentration compared to control (Figs.  2 and 3) . Cultivars showed two distinct behaviors under stress levels, 'Yaquti' and 'Rotabi' showing higher photosynthesis rate and chlorophyll A concentration than 'Askari' and 'Sultana' (Figs. 1 and 2 ). According to these results, cultivars were classified as drought tolerant ('Yaquti' and 'Rotabi') and drought sensitive (semi sensitive) cultivars ('Sultana' and 'Askari'). The internal concentration of CO 2 was more stable in 'Yaquti' and 'Rotabi' under stress levels than 'Askari' and 'Sultana' cultivars (Fig. 3) .
The relative expression of Rubisco activase gene increased rapidly in tolerant cultivars ('Rotabi' and 'Yaquti') after exposition to moderate stress, but this reaction occurred for a more severe stress in semi tolerant and sensitive cultivars ('Askari' and 'Sultana') (Fig. 4) . The increase was significant for the cultivar 'Askari'. This increase of Rubisco activase could explain the higher photosynthetic rate under stress conditions and probably reduced negative effects of low stomata conductivity (Lawlor and Tezara, 2009) .
Photosynthesis is one of the key processes to be affected by water deficits, via decreased CO 2 diffusion to the chloroplast and metabolic constraints (Pinheiro and Chaves, 2011) . There are some debates about the role of stomatal versus mesophyll regulation. Diversity among grapevine varieties has been reported for stomatal control under water stress (Schultz, 2003; Soar et al., 2006; Chaves et al., 2010) , and for water use efficiency (Flexas et al., 2010; Tomas et al., 2012) . However there is no available information on varietal sensitivity to maintain Rubisco activity under severe drought conditions and the data presented here are the first ones describing non-stomatal regulation of photosynthesis for different grape varieties. It remains to be demonstrated how performances of ungrafted genotypes are maintained when the genotypes are used as rootstocks.
CONCLUSIONS
Dramatic reductions in plant carbon assimilation may occur due to severe decline in photosynthesis under supra-optimal leaf temperatures combined with water deficits, as well as to a partial loss of canopy leaf area (Chaves et al., 2011) . Our results showed time and quality of responses to different levels of drought stress could discriminate tolerant cultivars ('Yaquti' and 'Rotabi') from semi tolerant ('Askari') and sensitive ('Sultana') cultivars, especially at gene expression level. The results could use for better categorizing of cultivars.
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This research work was sponsored financially by grants from Iran National Science foundation which is greatly appreciated. Fig. 1 . The cultivar (left) and stress (right) effects on chlorophyll a content of Iranian grapevine candidate rootstocks. As tolerant cultivars, 'Yaquti' and 'Rotabi' showed more chlorophyll a than sensitive or semi sensitive cultivars and the chlorophyll a content reduced with increasing of stress level. However the interaction effects of cultivar and stress are not significant and caused to unclearness of the mean for rootstocks and water treatments. With using more controlled conditions in protected area for further experiments, this problem could be solved. Fig. 2 . The cultivar effect on average photosynthetic rate of Iranian grapevine candidate rootstocks. Presented data are the mean of measurements made across the different drought levels. As tolerant cultivars, 'Yaquti' and 'Rotabi' showed a higher photosynthetic rate, than sensitive or semi sensitive cultivars. 
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